Comment on "Entangled-Photon Imaging of a 
Pure Phase Object" 

Recently Abouraddy et al. showed experimentally the 
ghost interference (GI) of a pure phase object using en- 
tangled photons Our theory showed that the same 
result can be obtained using beams created by dividing 
a thermal-like speckle beam on a beam splitter (BS) [2j. 
This realizes coherent ghost imaging using spatially in- 
coherent classical beams: the interference pattern of an 
object (phase or amplitude) appears in the correlation 
between the two arms, while no interference appears in 
a direct detection of the arm containing the object [see 
Eq. (16) of 0(b)]. Our recent experiment confirmed this 
, but the introduction of Q misinterprets that experi- 
ment as to use spatially coherent (rather than incoherent) 
beams. Thus, they claim, GI of a phase object may occur 
using thermal beams only because the beams have second 
order spatial coherence, whereas the entangled photons 
in have no second order spatial coherence. This Com- 


ment shows that such an interpretation is not correct. 

0] claims that in our experiment the diaphragm "pro- 
vides a large coherence area. This configuration thus ef- 
fectively endows the thermal light with second order, as 
well as fourth order, coherence" . On the contrary, as 
stated in Q the diaphragm (diameter D = 3 mm) is 
much larger than the speckle size there (Ax ~ 25 (an), 
thus selecting a large number of speckles [estimated 
by N sp = (D / Ax) 2 ]. Dividing this spatially incoherent 
speckle beam on a BS creates two copies, each on its own 
incoherent. However, since they are identical speckle-by- 
speckle they have a high mutual spatial correlation pre- 
served on propagation [2| . Really crucial is that the speck- 
les at the object plane (Ax n ~ 34 /im) are much smaller 
than the object (690 /im ), which provides incoherent il- 
lumination of the object. Only in this case GI can be 
performed with high resolution^. 

Entangled ghost imaging has an analogy (rather than 
a duality) in thermal ghost imaging 2], explaining why 
GI of a phase object may occur with classical incoherent 
beams. In each case the intensity fluctuation correlation 
G = (hh) — between arm 1 and 2 obeys Q 
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r is the field correlation at the object plane, h\ and h 2 
are the impulse response functions of the two arms. The 
two cases are analogous: (a) Both are coherent imaging 
systems, implying both may show GI of a phase object, 
(b) Both perform similarly if T c i and r ent have similar 
properties. A numerical example of GI of a pure phase 
object with thermal-like beams is shown in |2|(a). 



(b)JV„=2 


-.-(b) 1 

- - - laser 

ft (c) 

1 


| 

1 





-200 

200 

H 


FIG. 1: Single shot intensity distribution Ii in the far field of 
the object. Similar setup as in 0], but in (b),(c) the spatial 
coherence of the light illuminating the object is increased by 
reducing the source size, (a) Source size Do — 10 mm, speckle 
size at the diaphragm Aa: ~ 21 /xm, N Bp ~ 2 ■ 10 4 . (b) A small 
pinhole (0.1 mm) right after the ground glass gives Do ~ 0.1 
mm, so that Ax ~ 2.1 mm, iV S p ~ 2. (c) x-cut of (b) compared 
with the diffraction pattern with laser illumination. 


Had the diaphragm selected a single speckle then no 
GI would have occured: T c i can then be considered con- 
stant in space, and the two integrals in factorize to 
a product of two ordinary imaging schemes, showing the 
diffraction pattern of the object only in arm 1. This is 
no longer GI since no diffraction pattern of the object 
is observed by scanning the detector position in arm 2. 
Our experiment indeed used incoherent beams, as shown 
in Figs. 3(a) and 4 of Figure ^ shows the transition 
from the incoherent case of |3j to the coherent case. In 
Fig. nja) the setup is the same as in except that 
a Nd:YAG laser is used and the turbid medium is re- 
moved to increase the power. The diaphragm transmits 
many speckles (N sp ~ 2 • 10 4 , Air. ~ 21 ^m ). Because 
of light incoherence no diffraction pattern appears in 
the far field of the object beam, neither in the single- 
shot intensity distribution I\ [as in Fig. 3(a) of 0], nor 
in its average over frames. Conversely, in Fig. ^b),(c) 
we increase the speckle size by reducing the source size 
(Van Cittert-Zernike theorem), to the point where the di- 
aphragm roughly selects a single speckle (iV S p ~ 2). The 
beam becomes spatially coherent and the object diffrac- 
tion pattern clearly shows up in 1\. This latter case is 
completely different from what we observed in 
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